Compared with dominant markers, such as random amplifi ed polymorphic DNAs (RAPDs), amplifi ed fragment length polymorphisms (AFLPs) and inter simple sequence repeats (ISSRs), microsatellites, or tandem simple sequence repeats (SSRs), have several advantages. They are codominant, genome-and locus-specifi c, highly reproducible, and usually highly polymorphic ( Powell et al., 1996 ) . The development of microsatellite markers often requires a substantial input of time, funds, equipment, and expertise, which can limit their application. One drawback of SSRs is their high species-specifi city, resulting in low cross-amplifi cation success. A high transfer rate of microsatellites to closely related species can reduce the need to design additional SSRs and save a large portion of development time and costs ( Barbara et al., 2007 ) . The capacity of individual SSR primers to amplify microsatellite loci in different species can further signifi cantly facilitate studies across related species, thus making the results directly comparable and the research more cost-effective ( Pinheiro et al., 2009 ). For these reasons, there is considerable interest in microsatellite markers that amplify in a range of congeneric species.
Yew trees are an important source for the anticancer compounds, and the commercial demand on this natural resource for paclitaxel has led to over-exploitation and fragmentation of wallichiana Zucc. populations in the Himalayas and China. T. wallichiana is now endangered, and to devise adequate conservation and management strategies for this species, knowledge of the genetic status at the population level is important.
Recently, several studies reported the development of microsatellite loci for different species in Taxus , such as T. sumatrana ( Huang et al., 2008 ) , T. yunnanensis ( Miao et al., 2008 ) , T. baccata ( Dubreuil et al., 2008 ) , T. chinensis var. mairei ( Zhou et al., 2009 ) and T. wallichiana ( Yang et al., 2009 ) . A successful cross-amplifi cation of two microsatellite loci from T. sumatrana has recently been reported for T. yunnanensis ( Miao et al., 2008 ) and T. baccata ( Dubreuil et al., 2008 ) . However, there is no such information for microsatellite loci for T. wallichiana to date. Though 10 microsatellite makers have been developed for T. wallichiana by Yang et al. (2009) , some of these loci showed a low level of polymorphisms or yielded multiple bands (i.e. more than two) in an individual when they were used on a larger sample scale by us, which is not suitable for conservation genetics investigations. Therefore, more reliable microsatellite primers are needed to study this endangered species. Here, we report on the cross-transfer, development, and screening of further SSR primers for T. wallichiana . • Premise of the study : Previously published and newly developed microsatellite primers for Taxus species were screened for their potential transfer to Taxus wallichiana and to characterize the genetic diversity and population structure of this species.
• Methods and Results : Twenty microsatellite markers that successfully PCR amplifi ed showed polymorphisms when tested on T. wallichiana . Ten of these were obtained by cross-species amplifi cation. The remaining 10 markers were developed in the current study. These markers were characterized on 58 individuals from two T. wallichiana populations from China. Overall, the number of alleles per locus ranged from two to twelve. No signifi cant linkage disequilibrium (LD) was detected between the comparisons of these loci.
• Conclusions : The polymorphic microsatellite markers screened in this study will be useful for further investigations of the conservation genetics of the endangered species T. wallichiana .
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The 12 remaining loci exhibited high levels of polymorphism with 2 to 8 alleles per locus, and an average of 4.0. This is higher than those values for the 10 loci of Yang et al. (2009) developed for T. wallichiana , with 2 to 5 alleles per locus, and an average of 2.9. Of these primers four showed single bands with no polymorphism, and four yielded multiple bands among the sampled individuals here. Thus, only two of the 10 loci developed by Yang et al. (2009) were deemed suitable microsatellite markers and selected for further characterization.
Of the 12 suitable primers found here, two (TY08 and Tc3) had to be excluded from further characterization due to the small fragment size ( < 80 bp). Thus, the total effective transfer rate was 10 primers out of 41 (24.4%) for T. wallichiana , which is comparatively low. In Eurasian hard pines, for example, cross-species success was 32 -59% ( Gonzalez-Martinez et al., 2004 ) , and in Quercus 62.5% ( Fern á ndez et al., 2000 ) .
Development and screening of new microsatellite markers -The isolation of microsatellite markers followed Yang et al. (2009) , using the fast isolation by AFLP of sequences containing repeats (FIASCO) protocol of Zane et al. (2002) . We re-evaluated the 54 microsatellite primer pairs excluding the published loci designed by Yang et al. (2009) , plus 11 newly designed primer pairs based on cloned sequences by Yang et al. (2009) , using 36 T. wallichiana individuals from 25 natural populations covering its entire distribution range. Ten
METHODS AND RESULTS
DNA extraction and PCR amplifi cation -Extracted total genomic DNA was diluted to a fi nal concentration of 30 -50 ng/ μ l prior to PCR. Amplifi cations were performed in 20 μ l volumes containing 30 -50 ng genomic DNA, 0.25 μ M of each primer, and 10 µ l 2 × Taq PCR MasterMix (Tiangen, Beijing, China). PCR amplifi cations were carried out under the following conditions: 94 ° C for 2 min followed by 30 -35 cycles of 30 s at 94 ° C, 30 s at the primer-specifi c annealing temperatures (Table 1) , 45 s at 72 ° C, and a fi nal extension step of 4 min at 72 ° C. The PCR products were separated on 8% polyacrylamide gels.
Cross-amplifi cation of existing microsatellite markers -Forty-one microsatellite loci developed in congeneric species of Taxus ( Dubreuil et al., 2008 ; Huang et al., 2008 ; Miao et al., 2008 ; Yang et al., 2009 ; Zhou et al., 2009 ) were selected for testing the rate of cross-species amplifi cation on 18 individuals from 12 populations of T. wallichiana . Out of these, 39 (95.1%) showed positive PCR amplifi cation with the expected allele sizes. Twelve of the 39 (30.8%) amplifi able loci showed more than two bands in an individual, and 15 loci (38.5%) amplifi ed a single band with no polymorphisms among the sampled individual Taxus plants. Because T. wallichiana is diploid ( Gu et al., 1998 ) , the 12 loci with multiple bands per individual were excluded from further analysis. out of the 65 screened primer pairs displayed polymorphisms with 2 to 6 alleles. These loci were further characterized on two natural populations.
Characterization of selected microsatellite primers -The 10 selected crossamplifying and the 10 new SSR primers developed here ( Table 1 ) were tested on 58 individuals of two populations of T. wallichiana (Biluoxueshan and Gaoligongshan) from West Yunnan, China (Appendix 1). Genotyping was performed on an ABI 3730 automated DNA Sequencer (Applied Biosystems, Foster City, California, USA), and the individuals analyzed using Gene Mapper V.3.2 (Applied Biosystems). Population genetic analyses for the 19 loci (TB01 was excluded because it was found to be a mitochondrial marker) were performed using Arlequin v.3.5.1 ( Excoffi er and Lischer, 2010 ) . The number of observed alleles per locus ( N a ), observed heterozygosity ( H o ), and expected heterozygosity ( H e ) were calculated with Arlequin v.3.5.1. Tests for Hardy -Weinberg equilibrium were done using GenAlEx v.6.3 ( Peakall and Smouse, 2006 ) . Estimation for linkage disequilibrium between pairs of loci was performed using FSTAT v.2.9.3 ( Goudet, 2001 ) .
The PCR success for each primer pair in the two populations ranged from 70 to 100% ( Table 2 ). The number of alleles per locus ( N a ) ranged from 2 to 9 with an average of 4.53, and 1 to 10 with an average of 4.00 for the Biluoxueshan and Gaoligongshan populations, respectively ( Table 2 ). The observed heterozygosity ( H o ) varied from 0.000 to 0.741 (average 0.311), and from 0.000 to 0.786 (average 0.348) for the two populations, respectively. The expected heterozygosity ( H e ) ranged from 0.097 to 0.844, and from 0.000 to 0.836, respectively ( Table 2 ) . Twelve of the 19 loci signifi cantly deviated from Hardy -Weinberg equilibrium ( Table 2 ) . No signifi cant linkage disequilibrium was detected between comparisons of these loci (adjusted P -value for 5% nominal level was 0.0003). These values are similar to those found by Yang et al. (2009) , though the 19 selected primers here showed almost twice the number of alleles per locus.
CONCLUSIONS
A low level of transferability of polymorphic microsatellite markers was found for T. wallichiana in this study. In total, 20 polymorphic microsatellite markers, including one located in mitochondria, now exist for T. wallichiana; these will be useful for further investigations of the population genetics of this endangered species. The partly successful cross-amplifi cation of these loci represents a potential source of codominant markers for evolutionary, ecological, and conservation studies across the species boundary of the genus. 
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